ABSTRACT: Study of dendritic morphology through Golgi impregnation techniques has significantly furthered our understanding of neuronal development, maturation, and senescence. It has also provided insight into the pathogenesis of a wide spectrum of disease processes ranging from brain malformations to degenerative disorders. Golgi impregnation remains virtually the only method for demonstrating dendritic morphology. It delineates the profile of the individual neuron and its dendritic ramifications with unsurpassed clarity. Although it has been widely applied to experimental neuroscience involving animal tissue, its application to human material has been limited. This review summarizes the information on dendritic development and pathology in the human brain revealed by the use of the Golgi method. RESUME: Pathologie dendritique: Une revue des etudes de l'appareil de Golgi chez Phumain L'6tude de la morphologic dendritique par les techniques d'impregnation de l'appareil de Golgi a ameliore significativement notre comprehension du developpement, de la maturation et de la senescence neuronale ainsi que de la pathog6nese d'un large eVentai! de maladies allant des malformations du cerveau aux maladies deg6neratives. L'impregnation de l'appareil de Golgi demeure la seule m6thode pour mettre en evidence la morphologie dendritique. Cette technique identifie le profile de chaque neurone et de ses ramifications dendritiques avec une clarte insurpassee. Bien que cette technique ait 6t6 appliqu6e extensivement sur des tissus animaux dans la recherche en sciences neurologiques expeYimentales, son application aux tissus humains est demeurtje limitee. La presente revue est un sommaire des informations ainsi recueillies sur le developpement dendritique et la pathologie du cerveau humain.
For normal development of the nervous system, neurons must be generated in sufficient numbers at the right time, assume the proper positions in the cortex, acquire the appropriate geometry, and synapse with specific cells. The extensively ramifying dendrites form the major part of the receptive surface of the neuron accounting for about 95% of the total surface. Development of dendrites and differentiation of dendritic spines are critical morphogenetic events in the developmental sequence of neuronal maturation. 1 " 5 Dendrites provide the major proportion of the membrane surface area for integration of synaptic inputs, 6 and dendritic spines are postsynaptic targets for a variety of afferent projections to cortical neurons. 7 An understanding of normal dendritic development in the human cortex provides a background for insight into the pathobiologic basis of disease.
Conventional neuropathologic studies generally give no direct information about the morphologic status of dendrites. Yet, dendritic pathology may be pronounced despite the absence of conventional histologic findings. In this context Golgi impregnation becomes an indispensable tool to demonstrate cortical architecture. For almost a century, it has been recognized as one of the best and probably most elegant procedures to provide unsurpassed clarity and delineation of the shape and spatial arrangement of axons and dendrites. [8] [9] [10] It is applicable to central nervous system structures as well as peripheral sense organs and free nerve endings. Selected nerve cells, dendrites, axons, and fine terminal branches become dark brown against a golden yellow background. The value of the technique lies in its unique ability to stain the entire neuron (Figure 1 ), allowing complete studies of individual neurons. However, only about 10% of neurons are stained. Because the tissues are thick (50-200 |im) , the dendritic tree cannot be visualized in one plane. By superimposing camera-lucida drawings, one can follow dendritic ramifications and tortuous axonal pathways ( Figure 2) .
The general principles of the techniques of Golgi staining have been reviewed in detail elsewhere [8] [9] [10] [11] [12] [13] [14] [15] and will be only briefly mentioned here. The procedure involves either silver Golgi techniques with precipitation of silver chromate within tissues (the classic rapid Golgi method and the Hoyer Bolton method) or mercurial Golgi techniques. The Golgi technique may be combined with electron microscopy or other neurohistology and autoradiographic methods. 15 Specially adapted proce-THE CANADIAN JOURNAL OF NEUROLOGICAL SCIENCES dures to impregnate sections 60-200 ^.m thick instead of the usual small tissue slices have also been designed. 16 Inconsistencies in staining and impregnation lead to difficulties in interpretation, especially when the tissues are not processed immediately, as is often the case with postmortem material. 17 The Golgi method revealed its power through the classic studies of investigators such as Ram6n Y Cajal. 18 In the period between the two world wars, the method was used progressively less frequently, 9 but after World War II, there was a resurgence of interest. The method has been extensively applied in experimental neuroscience. However, study of human material has remained relatively restricted. In the last two decades there has been renewed appreciation of the value of the Golgi method, since it is virtually the only one that can be used to examine dendrites in the human brain. The highly selective and arbitrary nature of neuronal impregnation has limited its use in diagnostic neuropathology. Nevertheless, in selected situations, the Golgi method is the only means of detecting pathologic alteration. In this review we summarize the salient literature on human Golgi studies.
NEURONAL DEVELOPMENT Some of the most significant contributions of the application of the Golgi method pertain to the sequence of normal dendritic differentiation in the human fetus (Figure 2) . 4 -519 " 30 Hippocampus, motor cortex, and visual cortex have been described in detail. The dendritic morphogenesis of the immature human hippocampus has been documented by Purpura.
5 At 14 weeks gestational age (GA), apical dendrites are well differentiated in the hippocampal pyramidal neurons but basal dendrites are barely detectable. Maximal dendritic growth and development occur between 18 and 24 weeks GA. From 18 to 22 weeks GA, the dendrites exhibit several growth characteristics including marked irregularities in length and calibre of dendritic shafts, preterminal and terminal growth cones, and multiple varicosities on newly formed dendrites.
Within the various subfields of the hippocampus, neurons may exhibit variable dendritic differentiation at any one time. In the 18-to 20-week-old fetus, the deep pyramidal neurons of the CAj region have acquired extensive apical dendrites while the superficial neurons are poorly developed. In the hippocampus, the area CA 3 lags somewhat behind the other two sectors.
The fascia dentata provides the most striking example of regional variation in growth and differentiation in neurons of similar types at one phase of development. The initial differentiation of the granular and polymorphic layers of the dentate gyrus progresses from a lateral to a medial gradient. This gradient follows closely the sequence of granule cell development: granule cells of the suprapyramidal limb are generated earlier than those in the infrapyramidal segment. Development also proceeds from the outer edge of both limbs toward the deeper layers of the granular cell layer.
Golgi studies of the prenatal and early postnatal ontogenesis of the motor cortex 4 ' 21 -2 *^1 have shown that the development and subsequent maturation of efferent cortical neurons and cortical layering result from the arrival of various afferent fibers in the cortex. Layer 1 is the first level of the cortex to mature. The Cajal-Retzius neurons develop earliest and, with their afferents, form the first distinct neuronal chain found in cortical ontogenesis. In the 5-month-old fetus layer 1 is more developed than the rest of the cortex. Except at 400-500 |am, the neurons of the cortical gray matter are immature at the bipolar stage of development. At these depths, pyramidal cells of layer 5 are developing and, below them, the neuronal elements of layer 6 are identifiable. The development and maturation of interneurons of the motor cortex parallel those of the efferent neurons with which they establish intracortical neuronal chains. By 5 months GA, the internal band of Baillarger is identifiable.
The human motor cortex is characterized by postnatal reduction of layer 4. This is a developmental peculiarity of this cortical region and is due to marked postnatal growth of layers 3 and 5 into layer 4 territory. Development of pyramidal and basket cells in layers 2, 3, and 5 is also marked. The pericellular baskets around layer 5 giant pyramidal neurons in the human motor cortex have two sources. The intrinsic source is from the cortical basket cells; the extrinsic source is from afferent fibers, presumably originating in the thalamus.
The development of visual cortex appears to lag behind that of the hippocampus and the motor cortex by 4 to 6 weeks during antenatal development.
-

28
' 29 We 28 have described the morphology of the visual cortex in the human infant from 14 weeks GA to 6 months of postnatal age. Except for the Cajal-Retzius (Figure 2 ). Quantitation of spines revealed that, with maturation, the number of spines decreased in the proximal parts and increased in the distal parts of apical and basal dendrites. 28 At or before 40 weeks gestation, the dendritic tree reached 35% of the maximum for layer 3 neurons compared with 55% for layer 5 neurons. 29 In layer 5, dendritic branching occurred earlier and growth continued to be more advanced than in layer 3. 29 Purpura 24 ' 25 showed a structure-function correlation in developing visual cortical neurons and the pattern of visual evoked responses (VER). In young, preterm infants (24 to 25 weeks GA), VER recorded at the occiput exhibited an initial long-latency negativity and by 27 to 28 weeks GA a small positive wave preceded the long-latency negativity. This change in the initial component of VER corresponds to dramatic morphogenetic changes, occurring at about 27 to 28 weeks GA, that involve dendritic arborization and development of spines.
Golgi studies have described the cytoarchitectonics and dendritic ramifications of the neurons in auditory cortex, [32] [33] [34] and various spinal and cranial somatic nuclei. 35 Several studies focus on dendritic spine differentiation and morphology. 5 -3638 The extent to which dendritic development and dendritic spine differentiation occur in the antenatal period is noteworthy. The fact that much of the increase in dendritic surface occurs during the last trimester renders dendritic developmental processes in the preterm infant particularly vulnerable to noxious influences. Purpura 5 described extraordinarily long dendrites of some dentate granules in an infant born at 29 weeks GA with a survival of 4 weeks on life support systems. The dendritic development was not interrupted or compromised. He also described very prominent basal dendrites on medium and large pyramidal neurons in an infant who was born at 36 weeks and survived for 2 days. 5 In contrast, we 38 observed retardation of neuronal maturation in premature infants compared with that in term infants of the same postconceptional age: in 2 of 10 infants, the morphology of the dendrites and spines was markedly abnormal, while in 2 other cases, many immature neurons were found, possibly indicating arrested maturation. While the actual mechanism leading to dendritic aberrations is unknown in premature infants, hypoxic insults could be contributory.
Dendritic spine development and synaptogenesis are prominent during the third trimester and reach maturation midway through the first postnatal year. 536 Marin-Padilla 36 showed that the number of apical dendritic spines in the pyramidal cells of layer 5 increased with age. Through most of the length of the dendrite, the number of spines increased with distance from the soma; the increase was rapid at first, then slower, then rapid again; toward the distal end of the dendrite the spine count decreased. Purpura 5 found dramatic morphological alterations in the apical dendritic shafts of the proximal segments of motor cortex neurons during the latter half of gestation. In the 18-week-old fetus, a few long, thin, filopodium-like processes with variable terminal expansions were detectable. By 26 weeks GA, many more long, thin processes appeared, which predominated at 33 weeks GA. At this stage, a few mushroom-shaped and stubby spines were detectable. In the early postnatal period the proportion of long-thin, short-thin, and mushroom-shaped spines changed strikingly. The 6-month-old infant showed fewer longthin spines than the preterm infant. The trend toward a progressive increase in stubby spines was maintained until 7 years of age.
DENDRITIC PATHOLOGY IN MENTAL RETARDATION
Marin-Padilla 39 ' 40 first pointed out abnormalities of spine development in infants with chromosomal aberrations associated with mental retardation. He described both very long, thin, tortuous spines and short, thin, barely detectable spines. He reported the presence of bizarre, long, thin, cortical dendritic spines in a stillborn infant with trisomy 13-15 and commented on their similarity to the developing spines of very immature neurons. The absence of small, stubby spines in these conditions may reflect failure of spine generation or transformation from the long to the stubby forms.
3940
In children with unclassified mental retardation, similar abnormalities may be seen. 41 " 45 Huttenlocher 43 found defects in number, length, and spatial arrangement of dendrites and synapses in 6 cases. Thus, dendritic spine "dysgenesis" is common in various mental defects; the degree of spine loss and abnormality appears to be related to age and severity of retardation. 42 Dendritic abnormalities have also been found in Down's syndrome. 46 - 50 We 48 documented similar neuronal morphology and spine counts in fetuses with trisomy 21 and in controls, while neonates and older infants showed shorter basal dendrites and decreased numbers of spines with altered morphology. Our analysis of dendritic branching development in Down's syndrome showed a pattern of arborization different from that of age-matched control brains. 50 In the infantile period, the total number of dendritic intersections (within concentric circles at 20-(im intervals for the cell body) was greater than in the control group; in the juvenile period it was significantly reduced. Total mean dendritic length (apical plus basal) was reduced in layer 3 cells by almost 50% from the infantile to the juvenile group, in contrast to the 65% increase observed in controls. Thus, unlike the normal expansion of dendrites observed in controls, dendritic atrophy is seen in early childhood in Down's syndrome.
Marin-Padilla 46 described the presence of various spine aberrations, including unusually long spines, very short spines, and a reduced number of spines, in Down's syndrome. Suetsugu and Mehraein 47 demonstrated a diminution in the number of spines in the middle and distal segments of apical dendrites in neurons of the hippocampus and cingulate gyrus. Fabregues and Ferrer 49 described abnormal fine and stubby perisomatic processes in nonpyramidal neurons.
Williams and Matthysse 51 found age-related degeneration of the dendrites in the neocortical and hippocampal pyramidal neurons and dentate granule cells in Down's syndrome. They studied 7 patients with Down's syndrome between 6 and 64 years of age. Qualitatively, they did not find striking alterations of spine morphology in the neocortical pyramidal cells. Their quantitative data differ from those of other reports in the literature. [46] [47] [48] [49] [50] In their study, the total dendritic extent was greater in two 6-year-old children who had Down's syndrome than in controls 16 years or older. However, young adults (25-31 years) had values similar to those for controls, which decrease sharply later in life as changes of Alzheimer's disease become severe. They concluded that the dendritic extent in Down's syndrome is not strikingly different from the control group until the fourth decade when histologic changes of Alzheimer's disease invariably set in.
METABOLIC DISORDERS
Profound mental retardation and neurobehavioral deterioration are frequent in a variety of neuronal storage diseases. In these conditions, the neurons often show swollen perikarya and torpedo-like swellings of axons (Figure 3 ). These distortions are associated with progressive accumulation of uncatabolized substrates. Studies using the Golgi and other methods have shown that variation in the neuronal geometry and development of aberrant synapses may contribute to the neurobehavioral defect in these diseases. 45 ' 5263 Purpura and Suzuki 52 proposed that meganeurites and their synapses contributed to the neuronal dysfunction by altering the electrical properties of the neuron. In many cases, the total surface area of a meganeurite was greater than the surface of the cell body itself.
The progressive nature of the development of meganeurites is also illustrated by Purpura 45 in his report of a child with GM2 gangliosidosis (AB variant) who showed relatively minimal alterations at 14 months of age but experienced a dramatic progression of changes leading to extremely large meganeurites by the time of death 30 months later. Williams 55 showed giant axonal dilations of the pyramidal neurons and severe reduction in neuronal counts in the isocortex of a case of juvenile neuronal ceroid lipofuscinosis.
We 63 have observed meganeurite formation along with diminished dendritic arborization in the visual cortex in 2 siblings with an unusual association of infantile osteopetrosis and neuronal accumulation of ceroid lipofuscin. We also observed dendritic abnormalities in patients with sialidosis, and meganeurites in Sanfilippo's syndrome. 62 
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Golgi analysis of various leukodystrophies is of interest. In 2 patients who had severe central demyelination with confirmed metachromatic leukodystrophy and adrenoleukodystrophy, we 64 found significant diminution of dendritic spines and branch intersections. In 1 case each of Cockayne's disease and Pelizaeus-Merzbacher disease, we 64 found a reduction in dendritic spines. The degree of mental retardation in some of these diseases is striking even though the myelin loss may not be very severe; thus, the variations in dendritic morphology are of interest although their significance is as yet unknown.
Cerebellar Purkinje cell abnormalities, including loss of branchlet spines and abnormal thickenings of Purkinje cell dendrites, may be found in various disorders. 65 - 66 One of the most striking examples of Purkinje cell pathology is seen in Menkes' kinky hair disease. 45 -67-72 In the mid-gestational human fetus, the bodies of Purkinje cells may exhibit fine perisomatic processes of somatic pseudopodia, some of which are in postsynaptic relation to climbing fibers. 73 By late gestation these disappear, the soma acquires a smooth contour, and climbing fiber contacts are made exclusively with small spines of primary dendrites. In Menkes' disease, the Purkinje cells show somatic sprouts, which are polydendritic processes containing dendriticlike spines. 70 The presence of these processes suggests an interference with developmental mechanisms regulating site-specific surface membrane characteristics. This phenomenon has also been observed by Purpura in the cerebellum of children with Down's syndrome. 45 In untreated phenylketonuria, which is associated with severe mental retardation, Bauman and Kemper 74 - 75 have shown a reduction in the number, length, and degree of arborization of dendrites as well as a paucity of spines in the cerebral cortex compared with the number in age-matched controls.
CEREBRAL MALFORMATIONS
The Golgi method has been used to study the neuronal profiles and cellular organization of several cerebral malformations and miscellaneous disorders. 76 " 89 The primary pathologic process in microgyria may be abnormal neuronal migration or postmigratory necrosis affecting a restricted laminar zone. 76 - 82 In some cases of microgyria, a zone of necrosis has been described at the midcortical level, destroying predominantly the stellate neurons of layer 4 and some adjacent neurons in layers 3 and 5, and leaving a dense glial scar in this zone. 81 Although somewhat reduced in size, the surviving neurons in layers 2 through 4 are essentially normal in relative position and dendritic geometry and morphology. The apical dendrites of the pyramidal neurons below the scar are tangentially rather than radially aligned. 80 In lissencephaly, a true cortical zone composed of neurons of the lower cortical layers that have completed migration is separated by the glial scar from the subcortical zone of neurons arrested in their migration. 77 -78 - 81 We studied the dendritic morphology in an 18-month-old girl who had classical lissencephaly (unpublished data). The cortical lamination consisted of 4 layers: molecular, superficial and cellular, sparse and cellular, and deep and cellular. In the molecular layer, there were several pyramidal neurons with small soma and short, obliquely arranged dendrites. Reduced numbers of spines were found on both apical and basal dendrites.
In a 16-month-old girl who had Walker's lissencephaly, a familial condition with convolution anomalies and ocular lesions such as microphthalmia and retinal dysplasia, we found an irregular neuronal arrangement and orientation in the polymicrogyric cortex. The dendritic abnormalities included reduced numbers of spines; short, thin spines; and abnormal branching. Our Golgi studies have also revealed short basal dendrites and irregularly shaped stellate neurons in a polymicrogyric cortex from a 10-year-old girl with Fukuyama's congenital muscular dystrophy (unpublished data). Ferrer 87 showed a variable degree of cellular damage and structural disorganization of the cerebral mantle in a Golgi analysis of unlayered polymicrogyria located at the borders of a porencephalic defect.
Miscellaneous Conditions
Golgi impregnations of the cortex from tuberous sclerosis reveal two cell components in the cortical tubers. These include astrocytes and smaller, multipolar neurons. The neuronal component of the tubers is an aberrant primitive cell type and consists predominantly of stellate neurons. 88 They have short dendrites and sparse but definite spines. The tubers show varied structural disorganization with abnormal neuronal orientation and distribution. 86 basal dendrites of pyramidal neurons in layers 2 and 3 have been described in the cortex remote from the tubers. The horizontal extent of the dendritic fields of individual pyramidal cells is decreased. These changes are more marked in the cortex adjacent to the tubers. 83 ' 88 Golgi studies in cortical biopsies of patients with subacute sclerosing panencephalitis have revealed abnormal pyramidal dendritic domain, spine loss, and reactive gliosis. 90 On electron microscopy, electron-dense degenerating dendrites have been observed in all cortical layers, most abundantly in layers 1, 2, and 3. 91 Using immune electron microscopy, Budka et al 92 showed the presence of viral antigen in such dendrites. The basic mechanisms of epilepsy in man remain elusive but a spectrum of dendritic pathology in epileptic patients has been recognized. 93 " 95 Scheibel and Scheibel 93 studied the human hippocampal dentate complex in chronic temporal lobe epilepsy. They reported a loss of dendritic spines and development of nodular or fusiform enlargements along dendritic shafts as abnormalities characteristic of epileptic tissue. In a study of 14 human epileptogenic foci, Vaquero et al 95 commented that the finding of nodular dendritic swellings was significant; they attributed the swellings to disarray of microtubular arrangement and postulated that this may lead to a mechanical distortion of the dendritic membrane and cause its depolarization. In their study, there were no other statistically significant differences in the findings, such as loss of dendritic spines, compared with findings in controls. Therefore, they concluded that the epileptic brain has neurons with a normal number of dendritic spines and angulations. However, there was no significant degree of gliosis in these areas, as would be expected in epileptic foci.
Golgi studies have been performed on certain unusual disorders including neoplasms. In a cerebral ganglioma Ferrer et al 96 reported the presence of neurons of fusiform configuration as well as those with multiple dendritic processes; pyramidal-like neurons were absent. In a Golgi study of a dysplastic gangliocytoma of the cerebellum (Lhermitte-Duclos disease), Ferrer et al 97 showed abnormal dendritic morphology in the proliferating cells. These cells had thick dendrites that were unbranched proximally but densely arborized distally with varicosities. Ambler and colleagues, 98 who analyzed the pathology of the first familial cases of this condition, suggested that the proliferating cells were modified granule cells, because their axons were oriented toward the pial surface as are those of granule cells. Transitions between the abnormal cells and normal granule cells were also present. 98 Dendritic abnormalities have also been observed in the sudden infant death syndrome. Quattrochi et al 99 and our group 100 found that the neurons of the brain stem reticular formation retained an immature dendritic pattern. Our Golgi analysis of the medullary respiratory centers indicates that dendritic spines in these centers are increased prenatally and decreased postnatally. 100 Within the medulla oblongata, neuronal maturation occurs slightly earlier in the reticular formation than the vagal nucleus, perhaps in association with the functional development of the central respiratory control from intra-to extrauterine life.
Degenerative Diseases
There are numerous reports on dendrite pathology in normal aging and various neurodegenerative disorders. 16 -101 "
Traditionally, the process of aging in the human brain has been viewed as a progressive, steady decline of the neuronal population. The dendritic branching of the remaining neurons appears to be increased. These alterations in dendritic ramifications in aging and senile dementia are a function of the balance between the regressive and proliferative modeling occurring in dendritic structure. These changes are both age-related and region-specific. Buell and Coleman 107108 reported increased dendritic growth in layer 2 pyramidal neurons of the parahippocampal gyrus in normal elderly subjects (mean age, 79.6 years) compared with normal middle-aged adults (mean age 51.2 years) or senile dementia patients. There was a slight tendency for patients with senile dementia to have shorter, less branched dendrites than normal elderly controls. The authors suggested that the aging cortex has both regressing, dying neurons and surviving, growing neurons.
Increased dendritic extent has also been described in the granule cells of the hippocampal dentate gyrus between middle age (mean, 52.3 years) and old age (mean, 73.4 years), followed by apparent dendritic regression in very old age (mean, 90.2 years). 117118 More recently, Flood et al 119 reported that dendritic extent of both apical and basal dendrites of CA 2 _3 pyramidal neurons did not change between middle age and very old age. Thus, there are regional variations in the dendritic changes associated with aging.
Nakamura et al 111 quantitatively analyzed age-related changes of pyramidal cell basal dendrites in layers 3 and 5 of the human motor cortex. They found a decrease in the number of basal dendrites with advancing age, more prominent in layer 5 than layer 3. Scheibel et al 104 indicated that horizontally oriented dendritic components were more involved.
Dendritic abnormalities have also been observed in Alzheimer's disease (AD). In AD, the hippocampus is thought to be isolated due to pathological alterations in the entorhinal cortex and the subiculum. Mehraein et al 102 showed decreased apical dendrite spines in the pyramidal cells of layer 3 and 5 in both AD and senile dementia, with the spine density being smaller in AD. Reduction in the dendritic arborization was also present in Purkinje cells. Scheibel and Tomiyasu 106 showed a number of changes in neurons in AD, including loss of dendritic spines and irregular swelling of the cell body and dendrites, with progressive loss of the dendrite domain culminating in cell death. Clusters of new dendrite growth developing at one or more sites along the dendritic or somal surface were also present. These clusters appeared haphazard in placement and orientation and were termed "lawless."
In an analysis of the granule cells of the dentate gyrus, deRuiter and Uylings 121 showed a reduction in the thickness of the molecular layer with reduced density of dendritic spines in the middle third of the molecular layer and reduced total dendritic length. Arendt et al, 120 in a morphological analysis of the nucleus basalis of Meynert, described degenerative changes including irregular swellings and fragmentations of dendrites involving both the reticular neurons and the multipolar giant neurons; in addition, the reticular neurons showed an increased cell size and increased spatial extension of the dendritic tree.
Flood et al 118 analyzed the dentate granule cells in 22 patients between 43 and 95 years of age, of which five clinically had senile dementia of Alzheimer type. The senile dementia patients showed decreased dendritic extent compared with the age-matched control group, largely due to a reduction in mean segment length. Compared with a younger (middle-aged) nondemented group, the patients' dendritic extent was not significantly altered. Thus the senile dementia group made up for the reduced mean segment length by having more segments than the middle-aged group. These data suggest that at some time between middle age and death, the senile dementia patients had a "reactive-remodeling" response by increasing the numbers of dendrite segments. The most striking difference between normal aging and senile dementia was that the latter had reduced mean segment length compared with the control group.
Probst et al 110 found that the morphology of dendrites and axons within the neuritic plaques in senile dementia of Alzheimer's type was frequently abnormal with pleomorphic outpouchings of terminal and preterminal dendritic and axonal segments, many of which contained filiform processes. Unaltered neurites were apparently found crossing the plaques. Axonal sprouting was prominent within the plaques. The neurites participating in the neuritic plaques retained contact with the parent cell. Axonal and dendritic processes were found in plaques, probably having arisen from pyramidal and nonpyramidal neuronal types. Thus, this study illustrated that local neurons of various types contributed to the plaques, and their processes may proliferate within the plaques. In Pick's disease, cortical neurons have almost no spines on their dendrites and virtually no tertiary branching of basal dendrites. 112 A recent study by Catala et al 113 documented decreased numbers of dendritic spines in a group of patients with different types of dementia, including Alzheimer's, Parkinson's, Creutzfeldt-Jakob, and Pick's diseases.
Golgi impregnations of neostriatum from patients with Huntington's disease have shown striking alterations in the dendrites of medium-sized spiny neurons. Marked recurving of terminal branches and abnormalities in the numbers as well as the morphology of spines are seen. In contrast, pathological changes were rarely encountered in the medium-sized and large aspiny neurons, indicating the selective involvement of specific cell populations in this disease. 114 In amyotrophic lateral sclerosis (ALS), the anterior horn cells had abnormalities of axons and dendrites. The axon remained thin where the first myelinated segment occurred, a site that normally correlated with a thickened axon. Dendrites were thin and their arborization showed poor expansion with illdefined dendritic patterns. 115 In a patient with a primary degeneration of the granular layer of the cerebellum, Ferrer et al 116 found that the Purkinje cells showed an abnormal association of the perikaryon and dendrites, reduction in size of dendritic arborization, absence of spiny branches, and large numbers of stubby spines and hypertrophic spines on secondary dendritic branches.
Our quantitative Golgi studies on visual cortices of Duchenne muscular dystrophy patients have revealed abnormalities in dendritic development and arborization. 122 We found a significant reduction in the total dendritic length and branching in one 16-year-old patient and attenuated dendritic arborization in another 16-year-old patient.
FUTURE CONSIDERATIONS
Visualization of the complete neuron through the use of the Golgi technique has permitted detection of various aspects of neuronal development, maturation, pathological alterations, and senescence. The Golgi methods are not ordinarily thought of as lending themselves to diagnostic neuropathology; however, in combination with other neurohistological and neuroanatomic tools, the method is promising. For example, if a counterstain such as Nissl staining is applied, the relative position of the impregnated neuron to other anatomic landmarks can be determined. The Golgi method may be combined with myelin stains, permitting the visualization of fiber tracts. The technique has also been modified to permit electron microscopy of Golgiimpregnated neurons. 123 " 126 This enables one to visualize both the dendritic branching patterns and synaptic connections of a particular neuron. Combination of the Golgi and autoradiographic techniques permits recognition of neuronal morphology on subpopulations of neurons with known time of ontogeny. 127 Thus, combination techniques involving deimpregnation and counterstaining of Golgi preparations or deimpregnation followed by application of a second neuroanatomic technique will permit a more complete understanding of the morphology and physiology of dendrites and their interactions with other cell components.
